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would form w i thou t  the masks. The maximum ho le  spacing (e.g., s p a t i a l  reso lu -  
t i o n )  i n  t h i s  s imu la t ion  corresponds t o  .25 arcseconds. 

IMAtiING INTERFEROMETRY WITH ION-REDUNDANT ARRAYS 

J .  B. Z i r k e r  
Nat ional  Solar  Observatory 

Nat ional  Opt ica l  Astronomy Observator ies 

The performance o f  a se t  o f  non-redundant arrays,  t h a t  conver t  an e x i s t i n g  
te lescope t o  an in te r fe rometer ,  has been simulated. 

I 

I Each ar ray  i s  a pe r fo ra ted  mask, placed a t  an image o f  the ob jec t ive .  Each 
p a i r  o f  holes i n  a mask t ransmi ts  a unique s p a t i a l  frequency t h a t  i s  present i n  
the  ta rge t ;  hence the  term "non-redundant." Each mask produces a f r i n g e  I ( f )  i n  
t he  foca l  plane t h a t  i s  the product  o f  the Four ie r  t ransforms o f  the ob jec t  and 
the o p t i c a l  t r a n s f e r  f u n c t i o n  S (  f ) :  I 

I ( f )  = O ( f )  S ( f )  

Seeing d i s tu rbs  the  phase and amplitude o f  the f r i n g e  I ( f ) ,  b u t  s ince each 
s p a t i a l  frequency ( f )  corresponds t o  a unique p a i r  o f  holes, and since each hole 
p a i r s  w i t h  a l l  the others,  i t  i s  poss ib le  t o  so lve a l g e b r a i c a l l y  f o r  the atmo- 
spher ic  phase s h i f t  a t  each hole and thus e l im ina te  seeing. With s u f f i c i e n t  S/N 
the phase and ampl i tude o f  the object ,  O( f ) ,  can be recovered a t  each reso lvab le  
s p a t i a l  frequency i n  the  continuous s p a t i a l  spectrum, o u t  t o  the  d i f f r a c t i o n  
l i m i t .  

I 

Inverse Four ie r  t rans format ion  then y i e l d s  an image o f  the ob jec t ive .  

We r e q u i r e  two masks i f  the  wavefront i s  p a r a l l e l  t o  each hole, o r  th ree  
masks i f, as i s  more l i k e l y ,  the  wavefront i s  t i l t e d  d i f f e r e n t l y  a t  each hole. 
I n  the  s imulat ion,  I use th ree  one-dimensional masks w i t h  spacings (0,1,4,6), 
(0,2,3,7), and (0,1,3,7), i n  u n i t s  o f  a bas ic  spacing, p. Each mask i s  non- 
redundant, b u t  the  masks have many spacings i n  common. I n  p r a c t i c e  the  ho le  
diameters should no t  exceed the  F r i e d  parameter, ro, dur ing  a sho r t  ( -  8ms) ,  
narrow-band (- 50 A )  exposure. I used 6-cm holes, which correspond t o  1.5'' see- 
ing.  As a ta rge t ,  I chose the  l imb o f  the Sun. A f i e l d  stop, 2.4 arcseconds i n  
diameter, l i m i t s  the f ie ld -o f -v iew.  

F igu re  1 shows the f r i n g e  mask 1 would produce (a )  w i t h  no atmosphere and 
(b )  wi th randomly - t i l t ed  wavefronts. I added random noise i n  vary ing  amounts t o  
the  f r i nge  and fo l lowed Rhodesa2 procedure (1972) t o  so lve f o r  t he  t a r g e t ' s  am- 
p l  i tudes and phases. 
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Figure  1 
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Figure  2 

Thus the s imu la t ion  suggests t h a t  d i f f r a c t i o n - 1  i m i t e d  images, a t  l e a s t  o f  
h igh-contrast  ob jects ,  can be reconst ructed from moderately no isy observat ions i n  
the  presence o f  mediocre (1.5 arcsecond) seeing. 
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